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Abstract: 
This paper will briefly review some of the seagrass transplantation studies conducted by the 
Marine and Freshwater Research Laboratory at Murdoch University in the Success Bank region 
off the Perth metropolitan coast over the past eight years. Initial studies examined the role of 
transplant size and sediment stabilization on survival, arriving at the conclusion that larger 
transplants survive better, and that sediment stabilization is an important factor in transplant 
survival. These studies gave rise to the concept of mechanical transplantation of large blocks 
("sods") of seagrass. "ECOSUB1" was the prototype developed as part of the Environmental 
Management  Plan  for  Cockburn  Cement  Ltd.,  which  mines  shellsand  on  Success  Bank. 
Improvements in the technology led to ECOSUB2, which consists of two machines operating 
simultaneously, one harvesting seagrass and the other planting it. A sod shuttle is used to transfer 
sods from one machine to the other which greatly increasing the efficiency of the operations. The 
theoretical maximum output of ECOSUB2 is 75 sods, or 40m
2, per day.  
 
Experimental work to supplement the mechanical transplantation programme included studies on 
transplanting seagrass to different depths, and an examination of wave energy effects on survival. 
The depth studies suggested that it was possible to transplant seagrasses to greater depths than 
donor sites although wave energy was still instrumental in lowering survival. To examine wave 
energy effects, mechanically transplanted sods were deployed in an area of high wave energy, 
with spacing being used to modify the hydrodynamic regime. The results indicated no significant 
differences in survival or shoot density as a result of the spacing treatment, with poor survival 
once winter storms impacted the area. Monitoring of fluctuations in sediment height showed the 
presence of large sand waves passing through the region, and this is clearly a factor that needs to 
be considered when transplanting seagrass to areas of high wave energy.  
 
The  studies  conducted  to  date  suggest  that  larger  transplants  (sods)  are  required  when 
transplanting to areas of high wave energy, although smaller transplants (plugs and sprigs) may 
be appropriate in more moderate conditions. Major factors to consider in enhancing rehabilitation 
success would appear to be the appropriateness of the technique in regard to species, seasonality 
of weather and the range of sediment level fluctuation. 1. Introduction: 
The seagrass meadows of southern Western Australia are unusual in the degree to which they are 
exposed to wave energy; in particular, the Perth metropolitan coastline is exposed to oceanic 
swells (orbital wave energy), as well as wind-generated waves. This is in contrast to the majority 
of seagrass ecosystems that have been studied in the northern hemisphere, that occur in sheltered 
and  estuarine  conditions.  The  outcome  of  this  is  that  techniques  that  have  been  used  to 
successfully transplant seagrasses in the United States of America  (Fonseca et al., 1998) and 
Europe may not be appropriate for local conditions, and has led to the perception that seagrasses 
cannot be successfully transplanted here  (Kirkman, 1992). Studies conducted in Western 
Australia have gone some way towards identifying the issues involved in transplanting seagrasses 
in high energy environments, and have produced novel techniques and equipment to successfully 
transplant seagrasses under such conditions. This paper reviews some of the research conducted 
at the Marine and Freshwater Research Laboratory at Murdoch University, which has led to our 
ability to successfully transplant seagrasses in high energy environments. 
 
2. Initial studies on transplant size and sediment stabilisation: 
Many seagrass transplantation techniques used successfully in the USA have been attempted in 
Western Australia, but with limited success (Paling, 1995; Lord et al., 1999). For example, 
Kirkman (1998) documented numerous unsuccessful transplantation experiments, using a variety 
of seagrass species, and a variety of transplanting methods. Paling et al. (2000) noted that, of 
some 7,500 planting units (PUs) transplanted, most had washed away due to high levels of water 
motion. Experiments showed that firmly anchoring PUs improved survival, and that sediment 
stability was an important factor in transplant success (Hancock, 1992; Nelson, 1992). In 1994 a 
study was conducted to examine the influence of PU size and sediment stability on transplant 
survival (Walker, 1994; van Keulen et al., submitted). It was hypothesised that the larger the PU 
the better the survival, through improved sediment stability as a result of increased mass, and 
reduced  disturbance  to  the  rhizosphere.  The  influence  of  sediment  stabilisation  was  also 
examined, by transplanting PUs into different environments. 
 
Five study sites at 4 m depth were selected within an area of 200 x 500 m, near Carnac Island, 
eight km SW of Fremantle, Western Australia (Figure 1). The study site was characterised by 
calcareous sediments of moderately coarse grain size. The study site is subject to swell waves 
generating orbital currents of 200-1000 cm
2 s
-2 under "typical" sea breeze and swell conditions, to 
as much as 5000 cm
2 s
-2 under severe storm conditions (calculated from a regional wave model: 
2GWAVE; MP Rogers and Associates, 1996). Seagrass transplantation was by the bare plug 
technique. Treatments comprised transplanting into bare sand, bare sand stabilised with plastic 
mesh (40 x 40 cm squares of Boral Cyclone™ 5 x 5 cm mesh size, with a hole cut in the middle 
for the transplant to protrude through), and the donor meadow. In addition ten 10 cm plugs of 
Posidonia  sinuosa  were  transplanted  into  a  Heterozostera  tasmanica meadow.  Plugs  of 
Posidonia sinuosa and Amphibolis griffithii were extracted from the donor beds using 20 cm 
lengths of PVC piping of different diameters: 5, 10 and 15 cm (Figure 2). Transplants were 
obtained by inserting the piping into the sediment surrounding the seagrass plants, excavating 
around the pipes and removing the resulting plug, capping the pipe with plastic sewer lids. This 
technique minimises disturbance of the surrounding sediment, and therefore the rhizomes and 
roots. When planting, a hole was excavated in the sediment at the recipient site, the sewer lid 
removed from the pipe and the plug extruded into the hole. The sediment was replaced to 
maintain a flat seabed. Forty replicates of the 5 and 10 cm plugs were transplanted of each 
species into each treatment, and 28 replicates of the 15 cm plugs. Ten replicates of the Posidonia 
sinuosa  plugs  were transplanted into the Heterozostera tasmanica meadow. Survival was monitored at irregular intervals over a 15-month period by counting live PUs; regular access was 
prevented by poor weather conditions, particularly during winter. 
 
2.1 Effects of transplant size and stabilisation of sediment on transplant survival: 
Survival of all Amphibolis griffithii plugs transplanted into donor beds declined rapidly to 
approximately 60 %, however survival of PUs to bare sand and meshed treatments varied 
considerably (Figure 3). The meshed sand treatment made little difference to 5 cm PUs (30 % 
survival after 350 days), but improved survival of the larger PUs: from 45 % to 80 % survival for 
10 cm plugs, and from 65 % to 90 % survival for 15 cm plugs. Posidonia sinuosa plugs fared less 
well, and no PUs survived beyond 220 days following transplantation to unvegetated areas 
(Figure 4). Ten and 15 cm plugs fared better than the 5 cm plugs when transplanted back into the 
donor meadows, and the plugs transplanted into a Heterozostera tasmanica meadow survived 
better (approximately 50 % after 250 days) than those planted into bare sand or meshed bare 
sand. 
 
Amphibolis griffithii plugs survived better than Posidonia sinuosa plugs under the conditions 
tested, and increasing plug size also generally improved survival. There were differences in 
responses to different sediment treatments however: overall, A. griffithii plugs survived better in 
meshed treatments than bare sand, with larger plugs also surviving better in the meshed treatment 
than being transplanted back into the donor bed. P. sinuosa plugs fared poorly in both treatments, 
however plugs transplanted into Heterozostera tasmanica beds survived better than both bare 
sand and meshed bare sand treatments. Once established, A. griffithii PUs have been shown to be 
resistant to burial and exposure (Paling et al., 2000), however wave energy can be seen to play a 
major role in overall survival, with significant loss of PUs during storm events. The results of this 
study suggest that the size of the PUs has a significant impact on survival, and that sediment 
stabilisation, whether by meshing or by transplanting into an existing meadow, improves 
survival. 
 
3. Mechanical seagrass transplantation: 
3.1 Background to the Cockburn Cement Ltd. Seagrass Rehabilitation Programme: 
Cockburn Cement Ltd. (Cockburn) mines shellsand from the shallow sedimentary banks to the 
southwest of Fremantle, Western Australia. This process involves dredging the loose calcareous 
sediment from the seabed, and lowering the seabed from between 5 and 7 m depth to some 14 to 
15 m. Concern at the loss of seagrass habitat from the area led to an EPA requirement for 
Cockburn to undertake an Environmental Management Plan (EMP) as part of the approval 
process for continued access to their shellsand resource (Cockburn Cement Limited, 1995). Part 
of this EMP required Cockburn to fund research into feasibility studies on the rehabilitation and 
transplantation of seagrasses. Cockburn engaged the Marine and Freshwater Research Laboratory 
at  Murdoch  University  to  develop  and  optimise  techniques  for  seagrass  transplantation. 
Performance  criteria  were  set  for  the  project,  including  specified  areas  of  seagrass  to  be 
transplanted, and survival parameters  (Cockburn Cement Limited, 1995). The short time-frame 
for this work (approximately five years) meant the development of a compressed research and 
development programme, with the development and deployment of large-scale transplantation 
technology at the same time as supporting research was being undertaken. This supplementary 
research included studies of survival of PUs at different depths (light regime), and in different 
energy regimes. 
 
3.2 Experiments on the effects of depth, energy regime and PU spacing on transplant 
survival: As a consequence of the compressed research approach required in this project, experimental 
studies were undertaken while the large-scale mechanical transplantation was underway; the aim 
of this work was to provide input into the operations of the mechanical transplantation about 
various environmental parameters. Two major experimental programmes were undertaken: a 
study of the appropriate depth/light regime for transplantation, and the influence of energy regime 
and sod spacing on transplant survival. 
 
3.2.1 Effects of transplanting seagrasses to different depths: 
As a surrogate for irradiance, a series of transplantation experiments was undertaken to different 
depths across Success Bank (Paling et al., 2000). Sites were selected based on similarity of wave 
climate; based on advice provided by Dr Mark Fonseca as part of our quality assurance process 
(Paling et al., 1997), the initial study was triplicated to take into account local site variations 
other than wave climate and depth, which were held constant. Forty-five plug transplants were 
made to sites at 5, 6, 8 and 10 m, with a control site at 6 m (Figure 1). Wave climate was 
determined using output from a wave modelling study undertaken as part of the Cockburn 
Cement Ltd. EMP (MP Rogers and Associates, 1996) (Figure 5), and the experimental sites were 
selected for equivalent near-bed wave-induced orbital currents. Forty-five 15-cm plugs of 
Amphibolis griffithii were planted in two blocks at each site in February 1997; the experiment 
was triplicated in December 1997 (Figure 6). 
 
Survival of all PUs declined steadily, particularly with the onset of winter storms (Figure 7), 
although those transplanted to 5 m showed approximately 60 % survival until the following 
winter, when all treatments showed survival of 20 % or less. The triplicated sites showed a 
similar decline, again being initiated at the beginning of winter. The lack of a significant 
difference between deeper and shallower sites suggests that, provided PUs can survive the 
hydrodynamic conditions, depth makes little difference. Posidonia sinuosa has been observed 
growing at depths of 21 m near Fremantle, in areas exposed to open ocean swell  (Thomas, 
1998). This suggests that irradiance levels are not the primary limiting factor for seagrass growth 
in this region. 
 
3.3 Studies on the effects of energy regime and PU spacing: 
A further experiment was subsequently established to investigate the role of wave energy on 
survival of PUs (Paling et al., submitted). The experiment was initially to be established at a 
series of sites spread across Success Bank in a similar manner to the depth experiment, but 
holding depth/irradiance constant, and varying exposure to orbital currents, using the MP Rogers 
and Associates (1996) model as a guide. With the loss of the plug PUs during the depth 
experiment, and with the availability of the mechanical transplanter (ECOSUB1, described later), 
it was decided to mechanically transplant large blocks of seagrass ("sods") to a single high energy 
site,  and  use  spacing  between  the  sods  as  a  surrogate  for  hydrodynamic  variability.  The 
hypothesis on which this experiment was based was that increasing PU density would improve 
survival in areas of high energy. 
 
Sods of a mixture of Posidonia coriacea and Amphibolis griffithii were transplanted to a high 
energy location on Success Bank in January 1999. ECOSUB1 was deployed to plant 160 sods in 
a random pattern, within an area of approximately 40 x 40 m (Figure 8). Sods were planted in 
nine groups of 16, with three each spaced 0.5, 1.0 and 2.0 m apart. A further group of 16 sods 
were intended to be planted randomly around the site as individual units, but were placed 
together in a random group (see Figure 8). 
 3.3.1 Effects of PU spacing and energy regime on transplant survival: 
The outcome of this experiment showed that the wave energy experienced in the study site was 
too high for transplant survival (Figure 9). All groups of PUs showed a rapid decline in survival 
with the onset of winter, with no significant difference between treatment. Shoot density was 
observed to decline correspondingly. Spacing was not significant for survival or shoot density 
under these high energy conditions. 
 
3.3.2 Monitoring of sediment levels during energy experiments: 
Simultaneously with monitoring PU survival, sediment movement was observed, using a system 
of sediment plates: steel plates with a small net float attached, buried 0.5 m beneath the seabed 
(Figure 10). Sediment height over the plate was monitored using a steel rod, and related back to 
the initial 0.5 m sediment height. A total of 18 sediment plates were established within and just 
outside each treatment plot (Figure 8). These measurements were supplemented with occasional 
deployment of an electronic sediment level sensor (JCU Sediment Level Sensor Logger Mk 3, 
James Cook University; Ridd, 1992), which was capable of monitoring sediment level in more 
detail than the sediment plates over short periods of time (Paling et al., submitted). 
 
Results from the sediment plate system showed no significant difference between spacing 
treatments, although a general decline across all plates was observed (Figure 11). The electronic 
sediment level sensor records recorded rapid changes in sediment level, including a 30 cm 
change in sediment level over a five-hour period. The change was in fact larger than 30 cm, 
however the sediment sensor probe was left suspended in the water column for an extended 
period (Figure 12). The logger was irreparably damaged during a subsequent storm, when a 
similar rapid sand erosion event dislodged the entire logger and its support frame. 
 
The measurements of sediment movement recorded during this experiment indicate the presence 
of large sand waves passing through the region, and suggests that sedimentary dynamics in 
seagrass meadows may be larger and more rapid than previously suspected. Such sediment 
movement  has  significant  implications  for  transplantation  and  rehabilitation  programmes: 
concern about sediment fluidity following transplantation has been previously mentioned. The 
passage of sand waves such as those observed in the energy experiment would be expected to 
significantly compromise the survival of PUs, with the sediment surrounding the PU simply 
washing away. This reinforces the concerns of transplanting too close to winter storm events. 
 
3.4 Design and construction of ECOSUB1 and ECOSUB2: 
The observation that larger PUs equate to improved survival led to the idea of transplanting 
larger PUs still. Experiments with a large bucket-shaped collecting device, towed behind a boat 
indicated that large blocks of seagrass turf, including the surrounding sediment, could be cut out 
of the seabed, leaving the rhizosphere intact. These experiments led to the development of 
ECOSUB1, a mechanical seagrass transplanter, which was launched in September 1996 (Figure 
13). ECOSUB1 was a hydraulically-operated machine that winched itself across the seabed, and 
could cut and plant blocks of seagrass turf ("sods") 0.5 x 0.5 m in size (approximately 0.25 m
2), 
and up to 0.5 m deep. The machine was operated by two divers, and hydraulic power was 
supplied from a surface support vessel. A hydraulically-operated cutting head was used to cut 
into the seabed, and endplates inserted, encasing a sod of seagrass in a metal tray. The tray, 
containing seagrass and surrounding sediment, was lifted out of the seabed using an overhead 
gantry, and stored onboard for later planting in another location. Once ECOSUB1's storage 
hopper was full, the machine was refloated using onboard ballast tanks, and towed to the planting 
site. To plant a sod, the cutting head was lowered into the seabed and endplates inserted. The sediment was removed using an onboard, hydraulically-operated venturi dredge. A sod was 
removed from the storage hopper and extruded from its storage tray into the excavated hole. The 
endplates were then removed and the machine winched forward to plant the next sod. ECOSUB1 
was capable of transplanting a maximum of 18 sods per day (approximately 4.5 m
2), assuming 
two full trips between harvest and planting sites (Paling et al., 2001). 
 
The constraints of a single machine, and various limitations caused by the need to frequently 
refloat and move the machine between sites, meant that ECOSUB1 was not capable of satisfying 
the long-term project performance criteria, however it successfully proved the mechanical 
transplanting  technology.  Work  was  therefore  commenced  on  a  successor  to  ECOSUB1, 
consisting of two machines capable of transplanting larger sods  (Paling et al., in press). In 
January  2000  ECOSUB2 was  launched, consisting of two identical  machines, capable of 
harvesting and planting sods 0.75 x 0.75 m in size (approximately 0.5 m
2), and up to 0.5 m deep 
(Figure 14). Instead of being stored onboard, sods were stored in a special sod shuttle, that could 
be disconnected from the machine and towed separately from one site to another (Figure 15). 
This arrangement was designed to enable the machines to continue working, removing the 
slowest step in the transplanting process: the transport of sods from harvest to planting sites. An 
additional benefit arising from being able to leave the machines on the seabed for extended 
periods was the ability to remove the onboard flotation tanks. This meant that the machine was 
not as subject to wave action, which posed problems for the functioning of the machine in rough 
conditions, and created hazards for the divers operating the machine. Other improvements to the 
design of the new machines included the installation of an independent suspension system, which 
enabled the machines to traverse more undulating seabeds, and improvements in the machine's 
layout, enhancing the efficiency of diver operations (Paling et al., in press). The transplanted sods 
were monitored intensively at first, but monitoring effort has been scaled back as the numbers of 
PUs rapidly increased. Presently sods are monitored twice-yearly. 
 
3.4.1 Analysis of the survival of mechanically transplanted seagrasses: 
Since the launch of ECOSUB1 in September 1996, 2475 sods of seagrass were transplanted, 
equating  to  an  area  of  727.5  m
2  (Figure  16).  After  initial  proving  trials  of  ECOSUB1, 
transplantation  increased  rapidly,  although  dips  in  production  occurred  due  to  ongoing 
modifications to the equipment, and as a result of severe winter weather. ECOSUB2 was 
launched in January 2000, and transplantation continued at a steady pace, with only a slight dip 
for equipment trials. 
 
Survival of the mechanical seagrass PUs has been very high, with a mean survival of all sods and 
species of 69 %. This figure varies considerably with species and time of planting (Figure 17). 
Using the detailed transplantation records maintained throughout the project, a break-down of 
transplant survival based on season of planting and species planted is possible. While ECOSUB 
has transplanted several seagrass species from mixed species meadows, and during all seasons, 
detailed monitoring has enabled determination of which species was transplanted when. This 
information was used to provide useful insights into transplantation performance. 
 
Analysis of the relative survival of different seagrass species has shown that transplants of 
Posidonia spp. survived better than those of Amphibolis griffithii. This appears to be an artefact 
of the transplantation technique: the ECOSUB technology cuts sods of seagrass by forcing the 
cutting head into the sediment, thereby severing the seagrass rhizomes. The wiry nature of 
Amphibolis rhizomes means that they are difficult to cut, and instead they can be pulled through 
the loose sediment by the cutting head, often being dragged under the sand. This phenomenon is compounded by the plant morphology of Amphibolis, which consists of a complex leafy canopy 
and an insubstantial rhizome. Incidental burial of the leafy canopy by sand during transplanting 
can result in the plants being planted upside-down, with ensuing death. By contrast, Posidonia 
plants have a heavier, fibrous rhizome that breaks apart fairly easily. The canopy is somewhat 
lighter in relation to the rhizome, than is the case with Amphibolis, and the plants tend to remain 
upright during planting. The leaves of Posidonia are strap-like and relatively smooth, and are 
shaken free of sand by water flowing over them. As a consequence, survival of Posidonia 
transplants was between 61 and 100 %, while Amphibolis transplants fared less well, with 
survival between 25 and 83 %. 
 
The  other  major  factor  influencing  transplant  survival  appears  to  be  season  of  planting. 
Examination of the survival data in Figure 17 shows that transplants made during autumn and 
winter survived less well than those made in spring and summer. It is hypothesised that this is the 
result of insufficient time for sediment stabilisation following transplantation: the sediment 
surrounding the transplants is fluidised during the transplantation process, and some time is taken 
for this to stabilise. The occurrence of winter storms shortly after transplanting can result in rapid 
erosion of this loose sediment from around the transplants, leading to their damage and eventual 
loss. 
 
Large declines in survival during 1998 and 1999 reflect a series of severe storms experienced 
during those winters; four 1-in-50 year storms were experienced in 1998, and transplant survival 
was reduced as a result. A re-evaluation of the records kept during the transplantation project 
revealed that a number of sods believed to have been lost since transplanting were in fact never 
successfully planted. These were relabelled as operational failures and removed from the long-
term survival analyses in early 1999, hence the apparent increase in transplant survival at that 
time. 
 
An analysis of the spreading of transplanted sods was conducted, and revealed that, while 
spreading rates were low, they were not outside the natural range of spreading rates for the 
species examined. Of the Posidonia sinuosa sods monitored, 35 % showed signs of spreading 
after 12 months, and 44 % were spreading after approximately three years. Rates of up to 20 cm 
year
-1 were measured, which is within ranges measured in natural populations  (Paling & 
McComb, 2000). Somewhat lower rates of spreading were recorded from Posidonia coriacea (11 
% after 12 months) and Amphibolis griffithii (6 % after twelve months). The spreading rates of 
transplanted and natural seagrass populations are currently being examined. 
 
Extensive natural colonisation of the areas of transplanted seagrass has been a notable feature of 
this project; species observed to colonise transplantation sites include Heterozostera tasmanica, 
Halophila ovalis and Posidonia sinuosa. Heterozostera tasmanica is one of the first colonists of 
new seagrass transplants, and has been observed to form dense meadows around established 
seagrass transplants. These plants appear to originate both from within the transplanted sods and 
also from outside the transplanted area. Large influxes of Posidonia sinuosa seedlings have been 
observed from time to time, however these have not persisted, generally being lost during winter 
storms (Paling et al., 1998). 
 
4. Lessons learned and future directions: 
The transplantation work and series of experiments conducted as part of this project have 
illustrated that, under high energy conditions, larger PUs may be an appropriate rehabilitation 
tool,  although  there  are  clearly  limits  to  how  well  this  might  work. Under lower energy conditions than those experienced on Success Bank, smaller PUs, such as plugs and staples, may 
be more suitable. Natural colonisation by seedlings and minor seagrass species appear to be 
capable of filling in spaces between transplants, although high wave energy and resultant 
sediment movement may curtail such colonising activity. Further research effort is required into 
the processes of seedling establishment and spreading. 
 
The success of transplantation experiments in high energy areas requires that attention be paid to 
several issues: species being transplanted, season of planting and sediment dynamics. Experience 
from early manual transplant experiments and the more recent mechanical transplantation 
programme has shown that different seagrass species have different survival characteristics, 
based on their morphology, and probably growth pattern as well. While Amphibolis PUs are 
hardy and adapted to high energy regimes, the ECOSUB technology does not transplant them 
well; nonetheless they transplant well when using manual techniques  (Hancock, 1992; Walker, 
1994). Conversely, Posidonia PUs can be readily transplanted by ECOSUB with considerable 
success, while perhaps not being as suitable for manual transplantation. Tunbridge (2000) 
recently had considerable success with plug transplants of Posidonia sinuosa in Cockburn Sound. 
 
Transplanting seagrasses in the approach to winter has not been successful, largely because of the 
erosive effect of winter storm events. The sediment surrounding PUs can remain fluid for long 
periods of time (of the order of many weeks), as a result of the transplantation process, they are 
highly susceptible to exposure through erosion, and survival is reduced as a consequence. 
Sediment dynamics therefore should be a major consideration in any seagrass rehabilitation 
programme, particularly in high energy areas. References 
 
Cockburn Cement Limited (1995) Cockburn Cement Limited. Shellsand dredging environmental 
management programme. Cockburn Cement Ltd, Perth 
 
Fonseca MS, Kenworthy WJ, Thayer GW (1998) Guidelines for the conservation and restoration of 
seagrasses in the United States and adjacent waters, (Decision Analysis Series 12). National 
Oceanic and Atmospheric Administration Coastal Ocean Office, Silver Spring, MD 
 
Hancock CN (1992) Seagrass transplantation trials and factors affecting their success. Honours 
Thesis, Murdoch University, Perth 
 
Kirkman H (1992) Large-scale restoration of seagrass meadows. In: Thayer GW (ed) Restoring the 
nation's marine environment. Maryland Sea Grant College, College Park, MD, p 111-140 
 
Kirkman H (1998) Pilot experiments on planting seedlings and small seagrass propagules in 
Western Australia. Marine Pollution Bulletin 37:460-467 
 
Lord DA, Paling EI, Gordon DM (1999) Review of Australian rehabilitation and restoration 
programs. In: Butler AJ, Jernakoff P (eds) Seagrass in Australia. Strategic review and development 
of an R & D plan. CSIRO Publishing, Collingwood, Vic, p 65-115 
 
MP Rogers and Associates (1996) Owen Anchorage near-bed wave induced orbital currents study. 
MP Rogers and Associates Pty. Ltd., Perth 
 
Nelson ML (1992) Environmental characteristics affecting revegetation of seagrasses in Owen 
Anchorage, Western Australia. Honours Thesis, Murdoch University, Perth 
 
Paling EI (1995) Seagrass meadow regrowth, transplantation and recovery after disturbance in 
Western Australia: a review. Marine and Freshwater Laboratory, Murdoch University, Perth 
 
Paling EI, McComb AJ (2000) Autumn biomass, below ground productivity, rhizome growth at bed 
edge and nitrogen content in some seagrasses from Western Australia. Aquatic Botany 67:207-219 
 
Paling EI, Walker CJ, van Keulen M (1997) Project S2, Phase 2: Seagrass rehabilitation in Owen 
Anchorage, Western Australia. Annual report: January 1996 - August 1997. Marine and Freshwater 
Research Laboratory, Murdoch University, Perth 
 
Paling EI, van Keulen M, Wheeler KD (1998) Project S2, Phase 2: Seagrass rehabilitation in Owen 
Anchorage, Western Australia. Annual report: August 1997 - June 1998. Marine and Freshwater 
Research Laboratory, Murdoch University, Perth 
 
Paling  EI,  van  Keulen  M,  Wheeler  K,  Walker  C  (2000)  The  effects  of  depth  on  manual 
transplantation of the seagrass Amphibolis griffithii (J.M. Black) den Hartog on Success Bank, 
Western Australia. Pacific Conservation Biology 5:314-320 
 
Paling  EI,  van  Keulen  M,  Wheeler  K,  Phillips  J,  Dyhrberg  R  (2001)  Mechanical  seagrass 
transplantation on Success Bank, Western Australia. Ecological Engineering 16:331-339 
 Paling EI, van Keulen M, Wheeler KD, Phillips J, Dyhrberg R, Lord DA (in press) Improving 
mechanical seagrass transplantation. Ecological Engineering 
 
Paling EI, van Keulen M, Wheeler KD (submitted) The influence of spacing on mechanically 
transplanted seagrass survival in a high energy regime. Submitted to Restoration Ecology 
 
Ridd PV (1992) A sediment level sensor for erosion and siltation detection. Estuarine Coastal and 
Shelf Science 35:353-362 
 
Thomas HT (1998) Feasibility of seagrass rehabilitation of dredged areas: meadow rhizome type 
and depth. Honours Thesis, Murdoch University, Perth 
 
Tunbridge DJ (2000) The feasibility of seagrass rehabilitation in Cockburn Sound, Western 
Australia. Honours Thesis, Murdoch University, Perth 
 
van Keulen M, Paling EI, Walker CJ (submitted) The effect of size and sediment stabilization on 
seagrass transplant success in Western Australia. Submitted to Restoration Ecology 
 
Walker CJ (1994) The effect of size and sediment stabilization on the survival of seagrass 
transplants in Owen Anchorage, Western Australia. Honours Thesis, Murdoch University, Perth 
  
Figure 1. Site map, showing the locations of experimental and mechanical transplantation sites mentioned in the text. 
CARNAC refers to the site used for initial studies into transplant size and sediment stabilisation; D5, D6, 
D8, D10, AGCTL refer to the depth experiment sites (AGCTL was the control site); EN2, EN3, EN5, EN8 
refer to potential energy sites (the energy and spacing experiment was conducted at site EN3); RECIP1, 
RECIP2, RECIP3, RECIP4 refer to mechanical transplantation sites.  
Figure 2. A 15 cm diameter plug of Posidonia sinuosa. The plug contains the seagrass plants as well as surrounding 
sediment, to a depth of 15-20 cm.  
Figure 3. Percent survival of 5, 10 and 15 cm diameter Amphibolis griffithii plugs transplanted to bare sand, sand 
stabilised with mesh and back into the donor bed. 
 
Figure 4. Percent survival of 5, 10 and 15 cm diameter Posidonia sinuosa plugs transplanted to bare sand, sand 
stabilised with mesh and back into the donor bed. Also shown is the survival of 10 cm plugs transplanted 
into a Heterozostera meadow. 
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Figure 5. Sample output from the WAVE2G wave climate model, for typical sea breeze and moderate storm 
conditions. These model outputs were used to select sites for experiments and transplantation work.  
 
 
Figure 6. Layout of depth experiment, with treatments at 5, 6, 8 and 10 m, and a control site at 6 m. Plots of 45 plugs 
were planted initially, and the experiment was triplicated later. 
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Figure 7. Survival of PUs following transplantation to depths of 5, 6, 8 and 10 m (control at 6 m), on Success Bank.  
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Figure 8. Energy experimental layout, located at site EN3, on Success Bank (Figure 1). The plot size was 40 x 40 m, 
and sods of seagrass were planted 0.5, 1.0 and 2.0 m apart, with a further 16 sods planted individually (note 
that these were planted reasonably closely together, in the north-east corner of the plot. Deployment of 
sediment plates within the plot is also indicated. 
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c c c cFigure 9. Percent survival (left) and shoot density (shoots m
-2, right) of sods planted at different spacing, at a high 
energy site on Success Bank. 
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Figure 10. Illustration of a sediment plate. Plates were 20 x 20 cm in size, and made of 1 cm thick steel plate. The 
plates were buried at 0.5 m below the sediment surface. 
  
Figure 11. Fluctuations in sediment levels in plots of differently spaced seagrass PUs, during the energy and spacing 
experiment. 
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Figure 12. Sample recording (October 1999) from the electronic Sediment Level Sensor, located at the high energy 
experimental site, measured during the energy and spacing experiment. 
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Figure 13. ECOSUB1 prior to launching following modifications. 
 
 
 
 
Figure 14. One unit of ECOSUB2 (left) and a sod shuttle, prior to launching.  
 
Figure 15. Diver storing a sod inside a ECOSUB2 shuttle.  
Figure 16. Plot of cumulative number of sods planted mechanically since 1995, and the equivalent transplanted area. 
Date of planting
ASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJ
Cumulativ
e num
ber of
 sods planted
0
500
1000
1500
2000
2500
Cumulativ
e area 
of 
seagr
ass
 plant
ed (m
2
)
0
200
400
600
800
1000
Total No sods planted 
Total area planted 
ECOSUB1 ECOSUB2
1995 1996 1997 1998 1999 2000 2001Figure 17. Survival of mechanically transplanted PUs by season. Detailed record-keeping means that analysis of 
species survival characteristics can also be undertaken. 
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